
CHAF'TER 4 

SIMULATION OF WATER MANAGEMENT SYSTEMS - PROCEDURE 

This section discusses the procedure for using DRAINMOD to simulate the 
performance of a water management system. As an example, the design of a 
drainage system is considered. The required input data and a representative 
example of the program output are presented. Sources of input data and 
methods used to determine them are discussed in Chapter 5. Other examples 
of the use of DRnINMOD for evaluation and design are given in Chapter 6. 
The purpose of this chapter is to demonstrate the simulation procedure and 
examine the form of the required inputs and simulation output. 

Example - A combination surface-subsurface drainage system 
The soil chosen for this hypothetical example is a Wagram loamy sand 

located near Wilson, North Carolina. This soil type is usually well drained 
in nature and does not require artificial drainage. In this case, however, 
it is flat and is underlain by a very slowly permeably layer at a 1.8 m 
depth. Corn is to be grown on a continuous basis. The seedbed is to be 
prepared after about March 15 and corn planted by April 15; the harvest 
period is September 1 to October 15. The purpose of the drainage system is 
to provide trafficable conditions in the spring and ruing the fall harvest 
season, and to prevent excessive soil water conditions during the growing 
season. The simulation will tell us whether or not the given design will 

l..,, accomplish this purpose and how often it may be expected to fail. 

Input Data 

The input data for this example are given in Appendix A as card images 
arranged in the order that they are fed into the computer. The sources of 
these data and more details concerning the inputs are discussed below. 

Soil Property Inputs 

The relationships between drainage volume (or effective air volume 
above the water table) and water table depth were determined from large 
field cores as discussed by Skaggs, et al, (1978), and are plotted along with 
similar relationships for other soils in Figure 5-4. The relationship 
between maximum rate of upward water movement to supply ET requirements and 
depth of the water table below the root zone is given in Figure 2-15 for the 
Wagram soil. A summary of the other soil property inputs is given in Table 
4-1. 

Crop Input Data 

The growing season for corn is approximately 120 days from April 15 to 
about August 15. The effective root zone depth is assumed to be dependent 
on time after planting and is arbitrarily taken as that given by the 60 
percent curve from the data of Mengel and Barber, Figure 2-22. Soil water 
from a shallow surface layer will be removed (i.e., dried out to some lower 
limit water content) by evaporation even when the land is fallow. 
Therefore, an effective root zone depth of 3 cm was assumed for the period 
before and after the growing season. Other crop related input data are 
given in Table 4-1. 



Drainage System Input  Parameters  

The d r a inage  system c o n s i s t s  of subsu r f ace  102 mm (4  inch1 d r a i n s  
spaced 45 m a p a r t  and 1 m deep. The su r f ace  d ra inage  i s  on ly  f a i r  w i th  some 
sha l low dep re s s ions  and an average s u r f a c e  s t o r a g e  dep th  o f  12.5 mm. 
Convergence nea r  t h e  d r a i n  is accounted f o r  by d e f i n i n g  an  e q u i v a l e n t  dep th  

Depth t o  r e s t r i c t i n g  l a y e r  
Hydraul ic  conduc t i v i t y  

Volumetric wate r  con t en t  a t  lower l i m i t  
( w i l t i n g  p o i n t )  

I n i t i a l  wa te r  t a b l e  dep th  
Minimum s o i l  a i r  volume r equ i r ed  f o r  

t i l l a g e  o p e r a t i o n s  dur ing :  
f i r s t  work pe r i od  ( sp r i ng )  
second work pe r i od  ( h a r v e s t )  

Hiniir.~m r a i n  t o  s t o p  f i e l d  o p e r a t i o n s :  
s p r i n g  seedbed prep .  
f a l l  h a r v e s t  

Xinimum t i m e  a f t e r  r a i n  b e f o r e  can till: 
s p r i n g  seedbed prep .  
f a l l  h a r v e s t  

Worirra p e r i o d  f o r  seedbed prep . :  
s t r r t i n g  day 
ending day 

Working pe r i od  f o r  h a r v e s t :  
s t a r t i n g  day 
ending day 

Working hours  du r ing  sp r i ng :  
s t a r t i n g  t ime  
ending t i m e  

Working hours  dur ing  h a r v e s t :  
s t a r t i n g  t ime 
ending t i m e  

Growing season - s t a r t i n g  d a t e  
- ending d a t e  

Depth on which SEW c a l c u l a t i o n s  a r e  based 

DEPTH 180 cm 
CONK 6 cmfir 

(uniform) 

WP 0.05 
IDTWT 0.0 cm 

ROUTAl 1.2 cm 
ROUTAZ 0 .5  cm 

ROUTTl 1 day 
ROUTTZ 1 day 

SWKHR2 0800 
EWKHR2 1800 
ISEWMS/ISEWDS 4/15 
ISDWME/ISEWDE 8/15 
SEWX 30 cm 

Parameters  f o r  Green-Ampt W.T. Depth ~ ( h r - l )  B(cm h r - I )  
i n f i l t r a t i o n  equa t i on :  0 cm 0 0  

5 0  3.0 1 .0  
100 5.5 2.0 
i 5 0  8 .7  3.0 
200 11.5 3.0 
500 25.0 3.0 



L from the drain to the impermeable layer according to the methods given by 
Hooghoudt (van Schilfgaarde, 1974). Methods given elsewhere Skaggs (1978b), 
were used to find an effective radius of a completely open drain tube from 
data presented by Bravo and Schwab (19751, and then to determine the 
equivalent depth using equations given by Moody (1966). Input parameters 
describing the drainage system are surmnarized in Table 4-2. 

Table 4-2. Summary of drainage system input parameters. 
............................................................................ 

Program 
Parameter Variable Name Value 

Drain spacing 
Drain depth 
Equivalent depth to impermeable layer 
'Equivalent profile depth 
Maximum depth of surface storage 
Drain radius 
Effective drain radius 

SDRAIN 45 m 
DDRAIN 1 m 
HDRAIN 0.68 m 
DEPTH 1.68 m 
STMAX 12.5 mn 
* * 57 m 
* * 5.1 mm 

* The equivalent profile depth is the sum of DDRAIN and HDRAIN and is used 
as input for the variable DEPTH, rather than the actual profile depth in 
Table 1. 

L **These variables are not inputs to DRAINMOD, but are used to calculate 
HDRAIN. 

Climatological Input Data 

Hourly precipitation and daily temperature data were obtained for 
Wilson, North Carolina, from HISARS. Inputs identifying the station and 
specifying the heat index for ET calculations were given on the EXECUTE JCL 
card. These inputs are given in Table 4-3. 

Station ID for precipitation 
Station ID for daily temperatures 
Latitude for temperature station 
Heat index 
Year and month simulation starts 
Year and month simulation ends 

ID1 319476 
ID2 319476 
LATT 3S0 47' 
HET 75.0 
START 1952-01 
END 1971-12 



other Input Data 

Irrigation is not considered in the example given here. However, input 
data for irrigation must be specified; values are selected such that no 
irrigation water will be applied. An example of the irrigation inputs 
required for simulating the use of the above system for application of waste 
water is given in Appendix A. 

Simulation Results 

Sample results of the computer output for each simulation are shown in 
Tables 4-4 through 4-7. A listing of the input parameters and soil 
properties is given in Table 4-4. Daily summaries for the month of July 
1959 are given in Table 4-5 and monthly summaries for 1959, a relatively wet 
year with a total of 1553 mm of rainfall, infiltration (INFIL), ET, 
cumulative drainage (DRAIN), runoff, total water leaving the field through 
the outlet drain (WLOSS) and the amount of irrigated water (DMTSI). In 
addition, soil water conditions at the end of the day are given by values - 
for air volume in the wet zone (AIR VOL), total drained volume (TVOL), depth 
of dry zone (DDZ), depth of wet zone (WETZ), depth of the water table 
(DTWT), depth of water stored on the surface at the end of the day (STOR), 
depth of water in the outlet (DRNSTO). The SEW-30 value is also given for 
each day. 

The monthly summaries (Table 4-61 give the totals of rainfall, 
infiltration, runoff, drainage, ET, dry days, working days, water lost from 
the field through the drainage outlet, SEW-30, total irrigation (MIR), 
number of irrigation events (MCN), depth of water pumped for subirrigation 
(PUMP), and the number of scheduled irrigation events postponed (MPT) for 
each month. Sample output results for a year (1961) with a smaller amount 
of rainfall are given in the output section of Appendix A. Also given in 
Appendix A is an example of simulation output when this water management 
system is used for disposal of waste water at a planned sprinkler irrigation 
rate of 2.5 cm/week. 

The simulation was conducted for a 20-year period (1952-1971). The 
summary and ranking of the objective functions, which is printed out at the 
end of the simulation is given in Table 4-7. A probability analysis can 
then be conducted on the results in Table 4-7 and on similar results for 
other sets of design parameters to develop relationships between the 
objective functions and design parameters such as those given in Chapter 6 
(e.g. Figures 6-11 and 6-12). 



Figure 4-4. An example of computcr output  - l i s t i n g  of  i n ~ ~ t o  - Nagram s o i l .  

I ~ P I P P  P A R A ~ T E R  VAI.IIES I m n  rn mrs s ~ r r t n . a r l o r  

VEI"l'U 1 V  UIUlN- IU0.OCM 
EFFECTIVE DEI'111 FllIJM DIIAIN '1V lRl'E'.IIPULAULL LAYER = 6B.RCII 
DISTANCE DKIWLN I N S  = 451 , I r .  OCEI 
mx~rnm DEPTH OF RUIIFACE PONDINC = n . 2 5 ~ ~  
EFFECTIVE DEPTH IPFERNEADLE LAYER= 16Il.OCM 
NlJMFlER OF DEPTH INCREPIRNTS- 33. 
nRAlNACF. COEFF ICIENT( A S  1.IMlTF.n TYY SIIRSITRFACE OUTLET ) = I .  5OCIVDAY 
ACTllAl, nEPTR FROM SImFACE M 1MPERMEARI.E 1.AYF.R- IRO.@CP( 
SURFACE SMRACE THAT MIST RE FII.I.ED RFFORE WATER CAN MOW. M DRAIN ( F l C . 2 - 1 2 )  = 1. 
YAC'l'o11 -1:- I N  KlllKllAM En. 2 - 1 7  = 2 1 . 7 0  ~. .. .. ....- ~ . ~ . ~ .  .~~~ - ~~ 

MINIPIUM A l l 1  VOL IWUUIIWI) FOR 'I'I~ASY I C A R ~ I . ~ T Y  FOR FIRQT WORK PERTOR( A U l U l ) =  R.70CM 
RlN lUM DAILY IUlnYALL 'IU U'IVI' I+ 1 E1.1) 01'1~:11~1'10NS PO11 FIRST I'XRIOI) ( ROUTAI ) = I .  2 5 C N  
R I N I P ~  TIME ~ L ' E I ~  I L ~  UEVUIIY CAN TILL ~ 1 1 ~ u ' r  1~~:111v1) ( w v r r 1 )  = I .DAW 
ninlmun A m  VOL HEPUIIIED FOII T ~ ~ F I C A L I I L I ' I ' Y  I V I ~  IMVND wwuc IWIIVD (APIINP) = S . ~ B C ~  
HlNlUM DAILY RAINFALL TO STOP FIELD OI'ER1'IONS FVll SWONIII'EIIIVU (IIVWI'A%)= I.POCN 
RINIRWR TIPIE AFTER M I N  BEFORE CAN T I L L  SECOND PERIOD (IIOWlTJ)= 1.l)AYS 
. I I ~ . I  AN DAV. m RF.GIA COUNTING WORK DAYS-F IKST PERIOD= 76 
.Illl.lAN nATE M END COI.WiTlN~ WORK nAW- F I R S T  PERIOD= 1 0 5  
HOIIR M RECIN WORK- F IR*T P E R I O W  &I 
HO1ll1 M END WORK-FIRST PERlOn'2fI 
J U L  IAN DATE TV I i W I N  COJlNTlNC WORK DAYS-SECONn P E R l O n ~ R h R  
JULlAN Vl l ' t i  'IU ENlb CVUNTlNC WWtK Ii,4YS- SECONI) PY.RIOn-36H 
UOUII TU I)EOlN WVIIK- SECVNU I'EllI(lV= 11 
llOUR W EnV WIN(- SECOND l'EIIIVD=2V 
RAXIMUM ROOTING DEPTII= 3 8 . 0 C t l  
CRITICAL DEPTH WET ZONE= 75.6934 

ENDING llUUl1 VF SUIIYACE l l U 1 l A T l V N  I %  
NU SURFACE i n n ~ c t i r l u n  INTEIIVAL I =  o u 
NO SURFACE IRRIGATION lN1XRVAL 2= 0 C4 
HlTIlMUIl A I R  REQUIRED TO IlAVE SUllFACE IlWIGATIOR= 3 . 5 8 C I I  
AMOUNT OF RAIN TO POSTPONE SURFACE IRRIGATION= l.O@CM 
SIIRFACE 1RRIGATlr)N FOR ONE HOUR: 0.0 0.0 0.0 0.0 8.0 8.6 6.6 8.0 8.6 6.8 

DEPTIW OF WIERS FROU TAE SURFACE 

n ATE 1 / n .  W n .  s / o .  4 / o .  W e .  W B .  7 / 0 .  ~ 6 .  9 / 0 .  1 ~ 8 .  1 1 / 8 .  12/e. 
w 1 E n n w - m  1m.0 i n n . @  1 s a . n  i n n . n  106.0 1 s c t . o  10n .0  1 0 0 . 8  100.8 100.0 1 ~ 8 . 8  108.0 





Table 4-4 (Cont.) An example o f  computer output - l i s t i n g  o f  inputs - Wagram s o i l .  

swxn AWT IUFII.TRATION 
W.T.n. A 

n.0  o.n 
SO. onn 3 .  eon 
I Bfl. OUft 5.508 
ISV.UU0 U.780 
289. QW 11.3VO 
508. OR0 23 . Wll  

1 4.l)o 
in6 4.00 
116 5.863 
126 U.80 
136 16.00 
146 PI.@@ 
156 23.66 
I66 26.00 
I76 2R. 00 
I ~ f ,  an. no 
196 30. 80 
LrZh :I@. 6MI 
am 4.061 
36 h 4 . W  

PAR4l'ETERS 
R 
O.R 
I .  non 
2. o m  
:I. 000 
:J . w 0  
:I, llQ$* 



Table 4-5. An example of computer output for daily summaries - Wagram soil, July, 1959. All values given in cm. 

DAY 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
I4 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 

- 

AIR VOL TVOL 
12.75 16.88 
12.79 17. 1 1  
12.82 17.39 
12.89 17.81 
12.96 18.27 
13.00 17.60 
13.07 18.13 
13.14 18.61 
13.18 18.21 
13.21 16.31 
13.06 13.06 
1 1 . 1 1  11.11 
3.70 3.70 
2.41 2.41 
0.00 0.00 
0.53 0.53 
0.59 0.59 
1 .24 1.24 
1.45 1.45 
1.00 1.00 
1.16 1.16 
1.99 1.99 
2.77 2.77 
3.53 3.53 
1.64 1.64 
0.00 0.00 
0.74 0.74 
1.19 1. 19 
1.81 1.81 
1.88 1.88 
2.54 2.54 

DDZ 
16.463 
17. 15 
18. 14 
19.53 
21.05 
18.26 
20.08 
21.68 
19.96 
12.30 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

RUnOFF WLOSB YD DRUBTO REW D m 1  
0.08 0.00 0.0 0.00 0.0 0.0 
0.00 0.0 0.0 0.00 0.0 0.0 
0.0 0.00 0.0 0.00 0.0 0.0 
0.0 0.0 0.0 0.00 0.0 0.0 
0.0 0.0 0.0 0.00 0.0 0.0 
0.00 0.00 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
O.R 0.0 0.0 0.0 0.0 0.0 
0.08 0.0 0.0 0.00 63.0 0.0 
0.00 0.00 0.0 0.0 0.0 0.0 
0.00 0.00 0.0 0.0 0.0 0.0 
0.0 0.01 0.0 0.0 0.0 0.0 
0.28 0.39 0.0 0.0 0.0 0.0 
0.00 0.19 0.0 0.0 0.0 0.0 
0.63 0.97 0.0 0.0 7.60 0.0 
4.47 5.03 0.0 0.0 15.70 0.0 
0.00 0.40 0.0 0.0 1.32 0.0 p. 

1 
0.00 0.32 0.0 0.0 0.0 0.0 u) 

0.00 0.27 0.0 0.0 0.0 0.0 
0.0 0.28 0.0 0.0 0.0 0.0 
0.00 0.30 0.0 0.0 0.0 0.0 
0.0 0.26 0.0 0.0 0.0 0.0 
0.0 0.22 0.0 0.0 0.0 0.0 
0.0 0. 19 0.0 9.0 0.0 8.0 
0.0 0.17 0.0 0.0 0.0 0.0 
0.65 1.01 0.0 0.0 9.26 0.0 
4.63 5. IR 0.0 0.0 8.71 0.0 
0.00 0.33 0.0 0.0 0.0 0.0 
0.00 0.26 0.0 0.0 0.0 0.0 
0.00 0.23 0.0 0.0 0.0 0.0 
0.00 0.23 0.0 0.0 0.0 0.0 



Table 4-6. An example of computer output f o r  monthly summaries - Wagram s o i l ,  1959. 

mnmy V o L m  IN CF.rnInETERS FOR YEAR 1959 
PIDI(H4 RIlWALL INFILTRATION RUNOFF DRAINAGE ET DRY DAYS SEW 

O.n 
0.a 
0 . 0  

40.R1 
n.n 
8.0 

42.50 
0 .0  
O.n 
8.0 
8 .0  
0. n 

Table 4-7. Example o f  computer output o f  yearly summaries and ranking o f  objective functions - 
work days, SEW30 dry days and yearly i rr igat ion  for drainage. 

M)RK DAY@ YEAR SEW YEAR DRY DAYB YEAR IRRIGATlOR YEAR 




